Exhibit 8 



Volume 68, 1998 



Published by 

the American Society 

for Photobiology 



Photochemistry and Photobiology 

The official journal of the American Society for Photobiology 



Editor 

J. C. Scaiano, Ph.D. 

Department of Chemistry 

University of Ottawa 

10 Marie Curie, Rm. 306 

Ottawa, ON KIN 6N5 Canada 

Phone: 613-562-5634 

Fax: 613-562-5633 

e-mail: P&P@photo.chem.uottawa.ca 

Associate Editors 

Jean Cadet, CEA/Departement de Recherche 
Fondamentale sur la Matiire Condensie, 
Grenoble, France 

Frank R. de Gruijl, Utrecht University 
The Netherlands 

Xing Wang Deng, Yale University 
New Haven, CT 

J. Woodland Hastings, Harvard University, 
Cambridge, MA 

Barbara W. Henderson, Roswell Park 
Cancer Institute, Buffalo, NY 

Margaret L. Kripke, Anderson Cancer 
Center, Houston, TX 

Miguel Angel Miranda, Universidad 
Politecnica de Valencia, Valencia, Spain 

Thomas A. Moore, Arizona State 
University, Tempe, AZ 

Harald Paulsen, Johannes-Gutenberg- 
Universitdt, Mainz, Germany 

Aziz Sancar, The University of North 
Carolina at Chapel Hill, Chapel Hill, NC 

Gary B. Schuster, Georgia Institute of 
Technology, Atlanta, GA 

Eva M. Sevick-Muraca, Purdue University, 
West Lafayette, IN 

John L. Spudich, University of Texas 
Medical School, Houston, TX 

Manfred Tevini, University Karlsruhe, 
Karlsruhe, Germany 

Dennis P. Valenzeno, University of Kansas 
Medical Center, Kansas City, KS 
(electronic publication) 

Brian C. Wilson, Ontario Cancer Institute, 
Toronto, ON 



Photochemistry and Photobiology (ISSN 0031-8655) Is published monthly, 
two volumes per annum, by the American Society for Photobiology, BioTech 
Park, 1021 15th Street, Suite 9, Augusta, GA 30901-3158, USA. 

Subscriptions: The 1998 Annual Institutional Subscription Rate is $575 for 12 
monthly issues plus Meeting Abstract issue. Institutional subscription information 
is available from Allen Press, Inc., 1041 New Hampshire Street, P.O. Box 368, 
Lawrence, KS 66044; Phone 785-843-1221, Fax 785-843-1274. Individual mem- 
bers of the American Society for Photobiology receive a complimentary subscrip- 
tion. Membership information may be obtained from the Society office at the ad- 
dress listed above or at http://www.POL-US.net, 

Instructions to Authors: Condensed instructions appear at the end of each 
issue. Complete instructions for preparation of manuscripts and figures and for 
submission of manuscripts on disk appear in the first issue of each year and are 
available from the Editorial Office: Photochemistry and Photobiology, Depart- 
ment of Chemistry, University of Ottawa, 10 Marie Curie, Rm. 306, Ottawa, ON 
KIN 6N5 Canada. Phone: 613-562-5634, Fax: 613-562-5633, e-mail: 
P&P@photo.chem.uottawa.ca Complete information is also available on the 
Photochemistry and Photobiology home page. 

Internet address: The address for the Photochemistry and Photobiology home 
page is http://www.POL-US.net. The home page provides information on pub- 
lished papers and manuscripts prior to publication. It also includes information 
on subscriptions, the aims and scope of the Journal, preparation of manuscripts, 
and advertisements. 

Advertisements: Advertising rates and information are available from the Ed- 
itorial Office at the address listed above and on the home page. 

Change of address: Institutional subscribers should forward their new address 
to Allen Press at the address for subscriptions given above. Members of the 
American Society for Photobiology should send new addresses to the Society 
office listed above. 

Back issues: Claims for undelivered issues must be received within six months 
of the mailing date. Single issues and complete volumes can be purchased de- 
pending on availability. Contact Allen Press at the address for subscriptions given 
above. 

Indexing/Abstracting Services:^ The Journal is currently included by the fol- 
lowing services in print and/or electronic format: Current Contents (Life Sci- 
ences, Science Citation Index, SCISEARCH Data, ISI/BIOMED Database, 
ASCA), Chemical Abstracts Service, Index Medicus, MED-HNE, BIOSIS Data, 
Cambridge Science Abstracts, CABS, and PASCAL-CNRS Data. 

Copyright Information: Photochemistry and Photobiology is copyrighted by the 
American Society for Photobiology. No portion(s) of this journal may be repro- 
duced without the written consent from the copyright holder. Permission to re- 
produce copies of articles for non-commercial use may be obtained from the 
Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923, 508- 
750-8400, for a fee of $5.00 per copy. 

Periodicals postage paid at Augusta, GA and additional mailing offices. 
Postmaster: Send address corrections to Photochemistry and Photobiology, 
American Society for Photobiology, 1021 15th Street, Suite 9, Augusta, GA 
30901-3158. 

Editorial Advisory Board: P. L. Dutton, Philadelphia, PA; J. E. Hearst, Berke- 
ley, CA; L. H. Pratt, Athens, GA; R. B. Setlow, Upton, NY; B. C. Wilson, 
Toronto, Canada 

Founding Editors: E. J. Bowen, Oxford, UK; S. Claesson, .Uppsala, Sweden; 
A. Hollaender, Oak Ridge, TN; D. Shugar, Warsaw, Poland; A. D. McLaren, 
Berkeley, CA (Editor, 1962-1965) 

Past Editors: K. C. Smith, Stanford, CA (1966-1971); J. Jagger, Dallas, TX 
(1972-1974); P.-S. Song, Lincoln, NE (1975-1993); Irene E. Kochevar, Boston, 
MA (1994-1997) 

Editorial Associate: Diann H. Denning 

Editorial Assistants: Anita Bouwman and Adriana Laliberte 1 

Copyright © 1998 American Society for Photobiology . 

The paper used in this publication meets the requirements of ANSI/NISO Z39.48- 
1992 (Permanence of paper) 



Photochemistry and Photobiology, 1998, 68(2); 218-221 



NOTICE: This material may be protected 
by coovriqht tew ^ Title 17 UQ Code) 



Preferential Relative Porphyrin Enrichment in Solar Keratoses upon 
Topical Application of ^Aminolevulinic Acid Methylester 

Clemens Fritsch* 1 2 , Bernhard Homey 2 , Wilhelm Stahl 1 , Percy Lehmann 2 , Thomas Ruzicka 2 and 
Helmut Sies 1 

1 1nstitute of Physiological Chemistry I and department of Dermatology, Heinrich-Heine-Unrversity, Dusseldorf, Germany 
Received 5 January 1998; accepted 15 May 1998 



ABSTRACT 

Topically applied 5-aminolevulinic acid is used efficiently 
for the treatment of solar keratoses by photodynamic 
therapy. Recent animal studies suggest that porphyrin 
sensitization of epithelial tissue is improved by using es- 
ters rather than free 5-aniinolevulinic acid. The present 
study examines porphyrin metabolite formation after 
topical application of 5-aminolevulinic acid or ^amino- 
levulinic acid methylester in human solar keratoses ver- 
sus adjacent normal skin. Levels of total porphyrins, por- 
phyrin metabolites and protein were measured in skin 
samples excised after 1 and 6 h. Higher levels of porphy- 
rins were observed in solar keratoses than in normal skin 
with both substances. Maximum porphyrin levels were 
present in solar keratoses treated with 5-aminolevulinic 
acid for 6 h. However, the ratio of porphyrins in solar 
keratoses versus adjacent normal skin was higher with 6- 
aminolevulinic acid methylester. The pattern of porphy- 
rins showed no significant difference between normal and 
afflicted skin, protoporphyrin being predominant. The 
results suggest that application of free 8-aminolevulinic 
acid may be more effective in sensitizing solar keratoses. 
However, treatment with 5-aminolevulinic acid methyles- 
ter leads to a preferential enrichment of porphyrins with- 
in lesional skin. 



INTRODUCTION 

Photodynamic therapy (PDT)t with 8-arninolevulinic acid 
hydrochloride (ALA) is based on the administration of ALA 
to the diseased skin and subsequent irradiation of the por- 
phyrin-sensitized tissue with red light (1). Tumor necrosis is 
induced by reactive oxygen species targeting biological 
membranes as well as by vascular damage leading to tumor 
cell anoxia (2). Topical ALA-PDT was shown to be highly 
effective in the treatment of solar keratoses (SK), superficial 
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basal cell carcinoma and superficial squamous cell carcino- 
ma (1,3*6) without serious adverse effects (7). 

Accumulation of high intralesional porphyrin levels is es- 
sential for effective ALA-PDT. Previously, we showed that 
irradiation 1-6 h after ALA application was optimal m su- 
perficial epithelial skin tumors in relation to adjacent normal 
skin (8). However, the homogeneity of porphyrin sensitiza- 
tion of neoplastic cutaneous tissues needs to be augmented 
for improved response rates in ALA-PDT. Higher lipophil- 
icity of ALA esters permits more effective penetration of 
cutaneous tissue as compared to free ALA. In a recent study, 
the topical application of ALA esters led to higher porphyrin 
fluorescence in mouse skin when compared with ALA hy- 
drochloride (9). 

Therefore, here we examined the formation of porphyrins 
after topical application of ALA and ALA methylester 
(ALA-ME) in SK and adjacent normal skin (NS). 

MATERIALS AND METHODS 

Materials, Tissues samples of SK and NS adjacent to the lesions 
(each n = 40) were obtained from patients who underwent surgery. 
Tissue samples were taken as follows: without substrate application 
(n « 8), 1 h after application of ALA (n = 8) or ALA-ME (n = 8) 
and 6 h after application of ALA (n = 8) or ALA-ME (n « 8). One 
pan of the excised tissue was examined histopathologically. Each 
patient received comprehensive information about the scope of the 
study. 

ALA treatment and photodynamic diagnosis (PDD). Based on 
pilot studies of topical ALA application (8) and on clinical experi- 
ence in ALA-PDT (3,4,6), of 20% ALA hydrochloride (Merck, 
Darmstadt Germany) or the short-chain methyl ester (Sigma Aldrich 
Chemie, Deisenhofen, Germany) were mixed in an ointment (Neri- 
bas®, Schering, Berlin, Germany) and 0.2 g of this mixture was 
applied to a i cm 2 skin area (=40 mg/cm 2 ) of SK or NS. Treated 
skin was covered with an occlusive foil (Tegaderm <8 ', 3M Healthcare, 
Borken, Germany), gauze, aluminum foil and tape to enhance tissue 
penetration and avoid photobleaching of porphyrins. After I or 6 h, 
the ointment was removed and the treated area was illuminated with 
Wood's light (Fluotest*, Xenotest, Hanau, Germany; 370-405 nm). 
Detected fluorescence intensity was expressed semiquantitatively 
relative to a fluorescence standard. The fluorescent area was marked. 
Basal values were obtained from untreated controls. 

Preparation of skin samples. Only superficial layers of skin (<1 
mm) were included in the study because of the limited penetration 
of topically applied ALA (10-12). Immediately after excision, tissue 
samples were frozen in liquid nitrogen and stored at -80°C. 

Determination of total porphyrin and protein levels. Tissue sam- 
ples were weighed and cut into small pieces. After homogenization 
with an Ultraturrax and centrifugation at 3000 U/min for 10 min, 
porphyrins were isolated with 1.0 N perchloric acid/methanol (1/1, 
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Table 1. Fluorescence intensities of tissues treated by B-aminole- 
vulinic acid or 8-aininolevuiinic acid methylester* 





8-Aroinoievulinic acid 


8-Aminolevulinic 
acid methylester 




1 h 6 h 


1 h 6h 


Normal skin 
Solar keratoses 


1.1 ± 0.2 1:9 ± 0.3 
1.9 ± 0.2 2.9 ± 0.1 


0.5 ± 0.2 0.8 ± 0.2 
1.4 ± 0.2 1.9 ± 0,2 



•Fluorescence intensities of skin treated by S-aminolevulinic acid or 
8-aminolevulinic acid methylester irradiated by Wood's light 
(370-405 nm, 10 cm distance, 5 mW/cm 2 ), Values are given 
according to a fluorescence standard: 0 = no fluorescence, 3 - 
maximum fluorescence (n = 8; mean ± SEM). 



vol/vol). In the supernatant, the total porphyrin level was assessed 
by fluorescence spectroscopy (Perkin Elmer LS-5, Oberlingen, Ger- 
many); emission was recorded between 520 and 700 nm at an ex- 
citation wavelength of 405 nm (Soret band). A protoporphyrin stan- 
dard was obtained from Porphyrin Products (Logan, UT, USA) (13). 
Protein levels were determined in the pellet (14). 

The relative porphyrin enrichment was expressed by the ratio of. 
porphyrin accumulation in SK versus adjacent NS. 

Porphyrin metabolites. The supernatant was adjusted with acetic 
acid to pH 3^4, . porphyrins were bound to talcum, esterified and 
metabolites were identified by HPLC with fluorescence detection (L- 
7480, Merck Hitachi, Darmstadt Germany) using a porphyrin stan- 
dard mixture (Porphyrin Products) for quantification (15,16), The 
following metabolites were analyzed: protoporphyrin, tricarboxylic 
porphyrin, coproporphyrin, pentacarboxylic porphyrin, hexacarbox- 
ylic porphyrin, heptacarboxylic porphyrin and uroporphyrin. The lat- 
ter four porphyrins are assigned as highly carboxylated porphyrins. 

Statistical calculation. Statistical analysis was performed by Stu- 
dent's r-test Data are reported as means ± SEM. Changes were 
considered statistically significant when the P value was <0.05. 

RESULTS 

Fluorescence intensities of treated tissues 

Fluorescence intensity was higher in SK topically treated 
"with ALA for 6 h. Fluorescence was weaker for ALA-ME 
than for ALA in normal skin (Table 1). 

Basal total porphyrin levels 

In untreated tissues, the levels of total porphyrins were sim- 
ilarly low: 1.2 ± 0.1 in normal skin and 1.3 ± 0.1 nmol/g 
protein in SK (Fig. 1 and Table 2). 

Total porphyrin levels after topical application of 
ALA or ALA-ME 

Topical application of both compounds led to increased por- 
phyrin levels in SK when compared with NS. Highest levels 
were detected at 6 h. The ALA treatment induced highest 
porphyrin values: 36.4 ± 4.0 in SK and 7.2 ± 0.5 nmol/g 
protein in NS adjacent to the lesions (Fig. 1A). Using ALA- 
ME as substrate, porphyrin levels in SK were 14.9 ± 2.2 
nmol/g protein, which is less than 50% of the amount in- 
duced by ALA (Fig. IB). Furthermore, lowest porphyrin lev- 
els were detected in NS treated with ALA-ME (1.7 ± 0.2 
nmol/g protein), which is four times less than for ALA. 

The relative rx>rphyrin enrichment, i.e. the ratio of the 
level in SK versus NS (SK/NS), showed maximum values 
at 6 h: 5.1 for ALA and 8.7 for ALA-ME (Fig. 2). 




Figure 1. Porphyrin levels in normal skin (NS, open squares) and 
solar keratoses (SK, filled squares) without and 1 and 6 h after top- 
ical application of 8-aminolevulinic acid (ALA) or 6-aminoIevulinic 
acid methylester (ALA-ME). A. Using ALA, in both tissues, max- 
imum porphyrin levels were measured at 6 h. The SK accumulated 
more porphyrins (36.4 ± 4.0) than NS (7.2 ± 0.5 nmol/g protein; 
*P < 0.005 SK vs NS). B. Using ALA-ME, porphyrin accumulation 
was less than with free ALA (A). In SK increased porphyrin syn- 
thesis was detected when compared with NS. Distinct differences 
already occurred at 1 h: SK 3.7 ± 0.5 and NS 1.3 £ 0.1 (*P < 0.05 
SK vs NS). Maximum porphyrin levels were measured at 6 h (SK: 
14.9 ± 2.2 and NS: 1.7 i 0.2; **P < 0.01 SK vs NS). 



Porphyrin metabolite levels 

The basal pattern of porphyrin metabolites was comparable 
in both untreated tissues with protoporphyrin as the predom- 
inant metabolite (89-91%) followed by uroporphyrin and co- 
proporphyrin (Table 2). The pattern of metabolites remained 
unchanged upon treatment. Protoporphyrin was still the pre- 
dominant metabolite (82-91%) and accumulated in both tis- 
sues over the period of 6 h (Table 2). 

DISCUSSION 

Porphyrin metabolite formation in human SK and adjacent 
NS after topical application of ALA-ME versus ALA was 
investigated in the present study. Highest levels of porphy- 
rins are achieved after 6 h in both tissues. Recent biochem- 
ical studies on the. time course of ALA-induced porphyrin 
accumulation in epithelial skin tumors showed that maxi- 
mum intralesional porphyrin levels were measured between 
1 and 6 h (8). Therefore, the present study was focused on 
the application times 1 and 6 h. 

Porphyrin accumulation was more intense using ALA than 
ALA-ME, suggesting that ALA may penetrate the epidermal 
barrier with subsequent conversion into porphyrins slightly 
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Table % Porphyrin levels and distribution of porphyrin metabolites 6 h after substrate application* 



Substrate 



Total Proto- 
porphyrins porphyrin 
(nmol/g protein) (%) 



Hexacar- 

Copro- Pentacarboxylic boxylic 
porphyrin porphyrin porphyrin 
(%) (%) (%) 



Heptacar- 
boxylic 
porphyrin Uroporphyrin 
(%) (%) 



Normal skin 


No 


1.2 


± 0.1 . 


91 ± 7 


3 


± 1 


1 ± 1 


0 ± 


I 


0 




4 


1 




3 




ALA 


7.2 


i 0.5 


90-2 


0 


± 1 


0 ± 0 


0 ± 


0 


4 




I 


7 




1 




ALA -ME 


1.7 


± 0.2 


89 2 2 


0 


± 0 


0 ± 0 


1 ± 


0 


4 




0 


6 
7 




1 
9 


Solar keratoses 


No 


1.3 


£ 0.1 


89 ± 7 


3 


T 3 


OiO 


0 ± 


1 


1 




1 






ALA 


36.4 


± 4.0* 


90 ± 1 


1 


£ 1 


0 ± 0 


2 ± 


I 


2 




0 


3 


i 


1 
I 




ALA-ME 


14.9 


± 2.2t 


82 2 4 


8 


± 2 


0 ± 1 


2 ± 


1 


5 


± 


1 


5 





* Data are given as nmol porphyrin/g protein and percent total porphyrins (n = 8; mean ± SEM; *P < 0.005, tP < 0.01: solar keratoses 
vs normal skin). Porphyrin patterns showed no significant differences between solar keratoses and normal skin. ALA = o-aminolevuUnic 
acid; ALA-ME = &- aminolevulinic acid methylester. 



more efficiently than ALA-ME, which requires hydrolysis 
after penetration. However, using ALA the lesion-adjacent 
normal skin also accumulated relatively high porphyrin 
amounts. Thus, topical application of ALA-ME diminishes 
porphyrin sensitization in normal skin. Regarding the rela- 
tive enrichment in porphyrin levels SK/NS, ALA-ME seems 
preferentially to penetrate the damaged skin and abnormal 
cells of SK (Fig. 2). The low levels of porphyrins in peri- 
lesional NS might be primarily due to weak penetration of 
ALA-ME through intact skin, less formation of porphyrins 
out of the ester form due to slower deesterification in normal 
keratinocytes or lower leakage of intralesional formed por- 
phyrins into the perilesional tissue as previously postulated, 
for ALA (8). 

The formation of porphyrins after topical application of 
ALA esters was recently investigated in murine skin (9). All 
ALA derivatives studied there (methylester, ethylester and 
propylester) showed higher induction of porphyrin fluores- 
cence than free ALA, particularly after a prolonged appli- 
cation time of 14 h. In contrast, our human in vivo data show 
that NS is less sensitized with porphyrins using ALA-ME 
when compared with ALA. The use of different species and 
the lack of neoplastic tissue in the mice might explain the 
different results. It is known that perilesional NS, as exam- 



Solar Keratoses / Normal Skin 



□ALA BALA- £ster 



i ■ 




Control 1 h 

Figure 2. Ratio of total porphyrins in solar keratoses (SK) versus 
normal skin (NS) after topical application of 20% 8-aminolevulinic 
acid (ALA; open squares) or 8-aminolevulinic acid methylester 
(ALA-ME; filled squares). The ALA-ME treatment produced sig- 
nificandy higher ratios of porphyrin levels (SK/NS) when compared 
with ALA treatment: at 1 h the ratio was 2.9 (*P < 0.05 ALA-ME 
vs ALA) and at 6 h 8.7 (**/> < 0.01 SK vs NS) was measured. 



ined in our study, accumulates about three rimes more por- 
phyrin than NS distant from lesions such as squamous ceD 
carcinomas when treated topically by ALA (8). Thus,, it is 
surprising that the NS localized close to the SK accumulated 
only low porphyrin levels upon treatment with ALA-ME. 
Specificity of ALA-ME versus ALA may also differ de- 
pending on the time of application. 

The porphyrin metabolite pattern shows that any distur- 
bance of the heme-biosynthesis-associated enzymes seems 
to be not relevant in human SK. The accumulation of higher 
total porphyrin levels appears to be the major effect respon- 
sible for intralesional photosensitization. 

The penetration depth of porphyrin fluorescence induced 
by topical ALA was shown to be inhomogenous (10-12,17- 
19). Further studies have to show whether ALA esters are 
superior to free ALA with respect to homogenous porphyrin 
formation in neoplastic lesions. 

In topical ALA-PDT, local photosensitivity commonly 1 
lasts up to 48 h (6). The higher lesional selectivity of ALA- 
ME-induced porphyrins provides for a reduction in cutane- 
ous light sensitivity, particularly in perilesional NS (8). 
Based on in vitro data it might be speculated that long-chain 
ALA esters are more efficient in PDT than ALA or short- 
chain ALA esters (20). Optimum efficacy of topical PDT 
may be expected if irradiation of SK is performed 6 h after 
treatment with ALA-ME. Application of ALA-ME also op- 
timizes photodynamic diagnosis (PDD), a novel effective di- 
agnostic modality in tumor detection and demarcation 
(5,6,21,22). 

Therefore, the use of ALA-esters in PDT and PDD seems 
to be a promising modality with highly selective intralesion- 
al porphyrin formation. 

Acknowledgement — C.F. has been supported by a grant of the Deut- 
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